Background: The compression of the median nerve (MN) in the carpal tunnel (CT) is one of the most common aetiologies of entrapment neuropathy syndromes in CT syndrome. (Folia Morphol 2014; 73, 4: 409-413) 
INTRODUCTION
The carpal tunnel (CT) is a narrow fibro-osseous tunnel at the wrist through which the flexor tendons and the median nerve (MN) pass into the hand [4] . CT syndrome, which results from an increased pressure in the CT [9] , is the most common nerve entrapment syndrome in clinical practice [2, 4, 19] .
The most common surgical hand and wrist procedure is the CT decompression for CT syndrome [14] . Injections into the CT are widely performed during diagnostic and therapeutic procedures in the management of CT syndrome [5] . A major complication of CT injection is an intraneural injection into or a direct needle injury to the MN [13, 23] . This accidental injury of the MN is extremely painful and may result in serious and prolonged or even permanent disability of the hand [15] .
The prevention of the iatrogenic injury of the MN depends on the injection or incision in the CT made outside the safe-zone of the MN. However, there is no consensus amongst authors with regard to the safest injection or incision site in the CT [5] . Recently, the use of ultra-sonographic guidance during CT injection or procedure has been advocated in order to minimise possible MN injury during CT procedures [20] . The knowledge of the anatomic structures at risk in the CT and their relationship should decrease the risk of iatrogenic injury [12] . Studies have evaluated the relationship of the structures in the distal forearm such at the flexor tendons and palmaris longus tendon (PLT) to the MN in order to determine a safe-zone for the MN during CT procedures. From the literature reviewed, there is no study on the relationship of the palpable bony landmarks of the distal forearm to the location of the MN in the CT. The aim of this study was to investigate the relationship of the palpable bony prominences of the distal forearm (radial styloid process [RSP] and ulnar styloid process [USP] ) to the MN in the CT, in order to determine a safe-zone of the MN during CT procedures. The level of division of the MN in relation to the transverse carpal ligament was also observed and documented. In addition, the distances of the PLT from the RSP and USP were also determined and documented. The mean value of the measurements taken were compared between males and females using Student's t test and a p value £ 0.05 was considered significant.
MATERIALS AND METHODS

RESULTS
The mean distance between the RSP and the USP was 49.34 mm (40.39-60.38 mm). The mean distance of the MN from the RSP was recorded as 22.44 mm (13.73-41.98 mm), while the mean distance of the MN from the USP was 26.66 mm (17.57-34.96 mm). The mean distance of the MN to the RSP (22.44 mm) in the total sample (n = 60) was recorded to be less than 50% of the RSP-USP distance. In 76.7% (46/60) of specimens, the location of the MN to the RSP was less than 50% of the RSP-USP distance. The location of the MN to the RSP was between the ranges of 50-59%, 60-69% of the RSP-USP distance in 18.3% (11/60) and 3.3% (2/60) of specimens, respectively. In 1.7% (1/60) of specimens, the location of the MN to the RSP was greater than 70% of the RSP-USP distance (Fig. 1) .
The mean RSP-USP distances were 51.2 mm and 47.22 mm in males and females, respectively. The mean distance of the MN from the RSP were recorded as 25 mm and 23.31 mm in males and females, respectively, while the mean distance of the MN from the USP in males and females were 23.21 mm and 21.55 mm, respectively. There was a statistically significant difference in the RSP-USP distance between males and females (p = 0.0004). However, there was no statistically significant difference in the RSP-PLT and the RSP-MN distance between males and females, with a p value of 0.24 and 0.20, respectively ( Table 1) .
The mean diameter of the MN within the CT deep to the flexor retinaculum was 5.93 mm (2.51-8 mm). Furthermore, the diameter of the MN was added to the distance of the MN to the RSP, a mean distance of 28.37 mm was calculated which was 57.5% of the RSP-USP from the RSP. The MN was observed to divide distal to the flexor retinaculum in 86.67% (52/60) of the specimens, within the CT in 11.67% (7/60) of the specimens and proximal to the flexor retinaculum in 1.67% (1/60) of the specimens (Fig. 1) . The PLT was found in all the specimens dissected. In addition, the location of the MN was observed to be closely related to the position of the PLT in the distal forearm (Fig. 2) . There was a positive correlation between the distance of the MN to the RSP and the distance of the PLT to the RSP, with a correlation coefficient (r) of 0.66. The MN was located postero-laterally and postero-medially to the PLT in 78.33% (47/60) and 21.67% (13/60) of the specimens, respectively.
DISCUSSION
Since the introduction of CT release surgery for the treatment of MN entrapment at the wrist, several other conservative measures have been advocated, including splinting of the wrist and the injection of steroid into the CT [8] . There is no consensus amongst authors with regard to the best injection site in the CT; therefore, there is no definitive technique for optimal placement of steroid injection into the CT [15] . The various recommended sites of injection into the CT include: midway between the PLT and the flexor carpi ulnaris (FCU) tendon [3, 7] , just medial to the PLT [13, 22] , between PLT and flexor carpi radialis (FCR) tendon [8, 11] , just medial to the FCR tendon [10] and through the FCR tendon [5] (Table 2) .
In our study, the mean distance of 49.33 mm was recorded between the RSP and the USP. There was a significant difference in the RSP-USP distance between males and females (p = 0.0004), which indicated that males were shown to have larger RSP-USP distance than females. The mean distance (22.6 mm) of the MN from the RSP was less than 50% of the mean RSP-USP distance in the total sample series. In 76.7% (46/60) of the specimens, the MN was located less than 50% of the RSP-USP distance from the RSP. Although, the MN was found greater than 60% of the distance from RSP in 5% (3/60) of the specimens (Fig. 1) , in these specimens, the PLT was found closely related to the MN (Fig. 2) . The distance of the MN to the RSP positively correlated with the distance of the PLT to the RSP (r = 0.66) in all the specimens. Therefore, when there is a shift of the MN outside 50% of the distance from the RSP, the PLT may be used as an anatomical guide in determining the probable location of the MN. Furthermore, with the MN located more postero-lateral to the PLT, it could be deduced from our data that the MN was mostly located in the lateral region of the CT. The mean diameter (5.93 mm) of the MN recorded in our study corroborated the earlier report of 6 mm [6] . The addition of the diameter of the MN to the distance of the MN to the RSP gave a mean distance of 28.37 mm, which was 57.5% of the RSP-USP distance from the RSP. From our findings, an injection placed or an incision made at a point located at 60% of the distance between the RSP and USP from the RSP (or medial to this point) will be outside the safe-zone of the MN (Fig. 3) . Consequently, our study agrees with authors [3, 7] that have suggested injecting the CT between the PLT and the FCU tendon (medial to the PLT) as the MN was more postero-laterally located to the PLT (78.33%). The findings in our study indicated that injection given/incision made lateral to the PLT is more likely to injure the MN than when medially placed.
As noted earlier, several authors used the PLT as a landmark in determining the site of injection into the CT. However, the PLT has been reported to be absent in 3.7-50.8% of individuals [1, 6, [16] [17] [18] , and in such cases, using the PLT as a landmark will be impossible. This problem can be circumvented by using the distal forearm bony prominences (RSP and USP) as anatomical landmarks for determining the position of the MN, as suggested by our study. Therefore, the determination of the relationship of the MN to the distal forearm bony prominences may be helpful during CT procedures. These bony landmarks may also be useful when there is severe oedema of the distal forearm and wrist with associated difficulty in palpating the PLT.
CONCLUSIONS
A core clinical skill is the ability to use palpable surface features such as bony prominences and tendons to locate structures under the skin [21] . Injection or surgical incision made medial to 60% of the distance from the RSP will be outside the safe-zone of the MN. The knowledge of this surface anatomical relationship of the MN with the distal forearm bony prominences may be useful during decompression for CT syndrome.
